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SPECIFICATION 

NONAQUEOUS ELECTROLYTE SECONDARY BATTERY 

5 TECHNICAL FIELD 

[0001] The present invention relates to a nonaqueous 
electrolyte secondary battery. 
BACKGROUND ART 

[0002] In recent years, nonaqueous electrolyte secondary 

10 batteries using metallic lithium, an alloy capable of storing 
and releasing lithium or a carbon material as the negative active 
material anda lithium transitionmetal complex oxide represented 
by the chemical formula: LiM0 2 (M indicates a transitionmetal) 
as the positive active material have been noted as 

15 high-energy-density batteries. 

[0003] A representing example of the lithium transition metal 
complex oxide is lithium cobalt oxide (LiCo0 2 ) , which has been 
already put to practical use as the positive active material 
for nonaqueous electrolyte secondary batteries. However, in 

20 the case where lithium cobalt oxide is used alone, batteries 
show capacity reduction during charge-discharge cycles, due to 
structural degradation of lithium cobalt oxide or decomposition 
of an electrolyte solution on a surface of a positive electrode. 
[0004] An attempt has been made to improve such capacity 

25 reductionby substituting ametal for apart of cobalt . In Patent 
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Literature 1, substitution of tungsten, manganese, tantalum, 
titanium or niobium for a part of cobalt has been studied. A 
further attempt has been made which incorporates an element, 
other than cobalt, in apositive electrode . In Patent Literature 
5 2, additionof zirconium to lithium cobalt oxide has been studied. 
[0005] However, the nonaqueous electrolyte secondary battery 
disclosed in Patent Literature 1 shows deteriorated 
charge-discharge cycle characteristics when its end-of-charge 
voltage is prescribed at 4 . 3 V or above, which has been a problem. 

10 [0006] For nonaqueous electrolyte secondary batteries using 
a lithium transition metal oxide, such as lithium cobalt oxide, 
as the positive active material and a graphite material or the 
like as the negative active material, an end-of-charge voltage 
is generally prescribed at 4 . 1 - 4.2 V. In this case, the active 

15 material of the positive electrode utilizes only 50 - 60 % of 
its theoretical capacity. Accordingly, if the end-of-charge 
voltage is increased to a higher level, a capacity (utilization 
factor) of the positive electrode can be improved to increase 
the battery capacity and energy density. However, a deeper depth 

20 of charge of the positive electrode, as a result of the increase 
of the end-of-charge voltage of the battery, increases a tendency 
of an electrolyte solution to decompose on a surface of the 
positive electrode and renders the positive active material more 
prone to experience structural degradation. As a result, more 

25 significant deterioration occurs during charge-discharge 
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cycles, compared to the conventional case where the end-of -charge 
voltage was prescribed at 4.1 - 4.2 V. 

[0007] In the nonaqueous electrolyte secondary battery 
disclosed in Patent Literature 2, an attempt to improve its 
5 charge-discharge cycle characteristics has been made by heat 
treating a mixture of a lithium salt, cobalt carbonate (C0CO3) 
and a zirconium compound to cover a surface of lithium cobalt 
oxide as by a zirconium oxide (Zr0 2 ) so that decomposition of 
an electrolyte solution on a surface of the positive electrode 

10 is retarded and degradation of crystal structure of the active 
material of the positive electrode is suppressed. 
[0008] However, in the nonaqueous electrolyte secondary 
battery manufacturedby the method disclosed in Patent Literature 
2, a surface of lithium cobalt oxide is covered with a 

15 non-ion-conducting zirconium compound (Zr0 2 or Li 2 Zr0 3 ) - This 
deteriorates charge-discharge characteristics of the positive 
active material itself and accordingly of the battery, which 
has been a problem. 

Patent Literature 1 : Japanese Patent Laying-Open No . He 3-201368 
20 Patent Literature 2: Japanese Patent Registration No. 2855877 
DISCLOSURE OF THE INVENTION 

[0009] It is an object of the present invention to provide a 
nonaqueous electrolyte secondary battery which can solve the 
above-described problems, which uses lithium cobalt oxide as 
25 the positive active material and a graphite material as the 
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negative active material and which can be operated at an 
end-of-charge voltage of 4.3 Vor above, without deterioration 
of charge-discharge cycle characteristics, so that a 
charge-discharge capacity can be increased. 
5 [0010] The present invention provides a nonaqueous electrolyte 
secondary battery which has a positive electrode containing 
lithium cobalt oxide as a positive active material, a negative 
electrode containing a graphite material and a nonaqueous 
electrolyte solution containing ethylene carbonate as a solvent 

10 and which is charged with an end voltage of at least 4.3 V, the 
battery being characterized in that a zirconium compound adheres 
onto particle surfaces of the lithium cobalt oxide. In the 
present invention, the zirconium compound is described as 
adhering onto a particle surface of lithium cobalt oxide when 

15 at least 80 % of the particle surface of lithium cobalt oxide 
is left uncovered. 

[0011] The present invention also provides a nonaqueous 
electrolyte secondary battery which has a positive electrode 
containing lithium cobalt oxide as a positive active material, 

20 a negative electrode containing a graphite material and a 

nonaqueous electrolyte solution containing ethylene carbonate 
as a solvent and which is designed to be charged with an end 
voltage of at least 4.3V, the battery being characterized in 
that the positive active material is a product obtained by firing 

25 a mixture of a lithium salt, tricobalt tetraoxide (Co 3 0 4 ) and 
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a zirconium compound, and the zirconium-containing compound 
adheres onto particle surfaces of the lithium cobalt oxide* 
[ 0012 ] The use of the above- specif ied positive active material, 
in accordance with the present invention, enables the battery 
5 to be charged and discharged without deterioration of its 
charge-discharge cycle characteristics, even when an 
end-of-charge voltage is prescribed at 4.3 V or above. As a 
result, a charge-discharge capacity can be increased to a higher 
level than conventional. 

10 [0013] This is probably because the use of the positive active 
material comprising lithium cobalt oxide in the form of particles 
having a surface onto which a zirconium compound adheres 
suppresses an oxidation reaction of the electrolyte solution 
on a surface of the active material. 

15 [0014] In the present invention, at least 80 % of a particle 
surface of lithium cobalt oxide is left uncovered for contact 
with the electrolyte solution. Further, the zirconium compound 
adheres onto particle surfaces of lithium cobalt oxide. 
Although the reason is not clarified, the combination thereof 

20 presumably acts to lower a surface activity of lithium cobalt 
oxide and thereby suppresses an oxidation reaction of the 
electrolyte solution on a surface of the active material at a 
high potential. 

[0015] It is also preferred in the present invention that a 
25 mixture of a lithium salt, tricobalt tetraoxide and a zirconium 
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compound is used as a starting material and is fired at a 
temperature of below 900 «C but not below 700 <C. 
[0016] In order to obtain lithium cobalt oxide that exhibits 
a sufficient charge-discharge capacity, firing is preferably 
5 performed at a temperature of not below 7 00 °C . In order to prevent 
diffusion of zirconium into lithium cobalt oxide, firing is 
preferably performed at a temperature of below 900 °C. 
[0017] Also in the present invention, when the end-of-charge 
voltage is prescribed at 4 . 4 V, a ratio in charge capacity of 

10 the negative electrode to the positive electrode (negative 
electrode/positive electrode) in their portions opposed to each 
other is preferably in the range of 1.0 - 1.2. In the present 
invention wherein the battery is charged at a voltage of at least 
4.3V, the ratio in charge capacity of the negative to positive 

15 electrode when the end-of-charge voltage is 4.4 V is preferably 
preset at 1 . 0 or above. This restrains deposition of metallic 
lithium on a surface of the negative electrode. As a result, 
cycle characteristics and safety level of the battery can be 
improved. 

20 [0018] Also in the present invention, a solvent in the nonaqueous 
electrolyte solution preferably contains 10 - 20 % by volume 
of ethylene carbonate (EC) . 

[0019] Because a graphite material is used for the negative 
electrode, the excessively small ethylene carbonate content may 
25 prevent charge-discharge cycling of the battery. On the other 
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hand, the excessively large ethylene carbonate content promotes 
oxidative decomposition of the positive active material at a 
high potential, so that a degradation degree of the positive 
active material increases. 
5 [0020] In the present invention, a nonaqueous electrolyte 
solvent for use in combination with ethylene carbonate (EC) can 
be selected from those conventionally used as electrolyte 
solvents for lithium secondary batteries. Particularly, a 
mixed solvent of ethylene carbonate and a chain carbonate and 

10 a mixed solvent of ethylene carbonate, a chain carbonate and 
a cyclic carbonate are preferably used. Examples of chain 
carbonates include dimethyl carbonate (DMC) , methyl ethyl 
carbonate (MEC) and diethyl carbonate (DEC) . Examples of cyclic 
carbonates include propylene carbonate (PC) , butylene carbonate 

15 (BC) and vinylene carbonate (VC) . 

[0021] A nonaqueous electrolyte solute useful in the present 
invention is a lithium salt which is generally used as a solute 
for lithium secondary batteries . Particularly, LiPF 6 (lithium 
hexaf luorophosphate) is preferably used. Charging at a higher 

20 voltage increases a tendency of aluminum, which is a positive 
current collector, to dissolve. However, LiPF 6 , if present, 
decomposes to form a film on a surface of aluminum. This film 
restrains dissolution of aluminum. Accordingly, LiPF 6 is 
preferably used as the lithium salt. 

25 [0022] Also in the present invention, zirconium is preferably 
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contained in the positive active material in the amount of less 
than 1 mole % but not less than 0.1 mole %, based on the total 
mole of cobalt and zirconium. 

[0023] If the amount of zirconium is less than 0.1 mole %, a 
5 coverage of the zirconium compound decreases to result in the 
difficulty to lower a surface activity of lithium cobalt oxide 
and suppress an oxidation reaction of the electrolyte solution 
on a surface of the active material. On the other hand, if the 
amount of zirconium is not less than 1 mole %, a coverage of 
10 the zirconium compound increases to reduce the surface area of 
lithium cobalt oxide that is left uncovered for contact with 
the electrolyte solution and accordingly deteriorate discharge 
characteristics of the battery. 

[0024] In the present invention, a particle diameter of the 
15 zirconium compound adhered onto a surface of lithium cobalt oxide 
is preferably from 100 nm to 3 vim. 

[0025] If the particle diameter of the zirconium compound falls 
below 100 nm, diffusion of zirconium into lithium cobalt oxide 
may occur or the coverage of the zirconium compound may become 

20 excessively large to result in the deteriorated discharge 

characteristics. If the particle diameter of the zirconium 
compound exceeds 3 yum, the zirconium-containing compound may 
fail to disperse uniformly in the active material before it 
adheres. As a result, a sufficient effect can not be obtained. 

25 [0026] The present invention further provides a method for 



manufacturing a nonaqueous electrolyte secondary battery which 
includes a positive electrode containing, as a positive active 
material, lithium cobalt oxide in the form of particles having 
a surface onto which a zirconium compound adheres, a negative 
5 electrode containing a graphite material and a nonaqueous 
electrolyte solution containing ethylene carbonate as a solvent 
and which is charged with an end voltage of at least 4.3 V. 
Characteristically, the positive active material is obtained 
by f iringamixtureof a lithiumsalt, tricobalt tetraoxide (Co 3 0 4 ) 
10 and a zirconium compound at a temperature of below 900 t but 
not below 700 °C. 

[0027] Further, the method of the present invention for 
manufacture of a nonaqueous electrolyte secondary battery is 
characterized in that zirconium is contained in the positive 

15 active material in the amount of less than 1 mole % but not less 
than 0 . 1 mole %, based on the total mole of cobalt and zirconium. 
[0028] In the method of this invention for manufacturing a 
nonaqueous electrolyte secondary battery, tricobalt 
tetra-oxide (Co 3 0 4 ) is used as a starting material to synthesize 

20 the positive active material comprising lithium cobalt oxide 
in the form of particles having a surface onto which a zirconium 
compound adheres. Since an oxidation number (2.7-valent) of 
Co in C03O4 is close to an oxidation number (3-valent) of Co 
in lithium cobalt oxide, a reaction is believed to occur during 

25 synthesis of the positive active material, whereby lithium in 
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the lithium compound as a starting material diffuses into C03O4 . 
This allows tricobalt tetraoxide to retain its shape and enable 
production of lithium cobalt oxide. Therefore, the zirconium 
compound is prevented from covering lithium cobalt oxide, 
5 entering into a solid solution in lithium cobalt oxide or 
diffusing into lithium cobalt oxide . As a result, lithium cobalt 
oxide can be obtained in the form of particles having a surface 
onto which the zirconium compound adheres and at least 80 % of 
which is left uncovered. 

10 [0029] On the other hand, if a cobalt compound containing Co 
with an oxidation number of 2, such as C0C03 or Co(0H) 2 / is used 
as a starting material for the positive active material , thermal 
decomposition occurs during synthesis of the positive active 
material, whereby the cobalt compound releases C0 2 and H 2 0 to 

15 produce CoO . Subsequent diffusion of lithium from the lithium 
compound into CoO containing Co with an oxidation number of 2 
results in the production of lithium cobalt oxide in which cobalt 
has an oxidation number of 3. Such thermal decomposition of 
the raw material is believed to cause the zirconium compound 

20 to enter into a solid solution in lithium cobalt oxide, diffuse 
into lithium cobalt oxide or cover lithium cobalt oxide. 
[0030] Also in the present invention, a charge voltage of the 
battery is preferably 4.3 V - 4.4 V, because an end-of-charge 
voltage, if prescribed at 4 . 5 V or above, increases an influence 

25 by degradation of crystal structure of lithium cobalt oxide. 
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[0031] In accordance with the present invention, an 
end-of-charge voltage can be increased to 4 . 3 V or above without 
deterioration of charge-discharge cycle characteristics, 
whereby a charge-discharge capacity can be increased. 
5 BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] [Figure 1] Figure 1 is a photomicrograph taken using 
a transmission electron microscope, showing the positive active 
material prepared in Example 1-1. 

[Figure 2] Figure 2 is a chart showing an EDS spectrum for Spot 
10 1 in Figure 1. 

[Figure 3] Figure 3 is a chart showing an EDS spectrum for Spot 
2 in Figure 1 . 

[Figure 4] Figure 4 is a graph showing charge-discharge cycle 
characteristics of the battery in accordance with the present 
15 invention. 

EXPLANATION OF REFERENCE NUMERALS 

[0033] 1 ... Spot 1 

2 ... Spot 2 

3 ... lithium cobalt oxide (LiCo0 2 ) 
20 4 ... zirconium (Zr) compound 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0034] The present invention is below described in more detail 
by way of Examples. It will be recognized that the following 
examples merely illustrate the present invention and are not 
25 intended to be limiting thereof. Suitable changes can be 
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effected without departing from the scope of the present 
invention, 

[0035] (Experiment 1) 

In Experiment 1, a mixture containing a lithium compound, 
5 tricobalt tetraoxide (Co 3 0 4 ) and a zirconium compound was fired 
to obtain a product for use as a positive active material . Using 
this positive active material, the battery was charged and 
discharged with end-of-charge voltages of 4,2 V and 4 . 4 V to 
study resulting cycle characteristics and the superiority of 

10 the nonaqueous electrolyte secondary battery of the present 
invention when its end-of-charge voltage was prescribed at a 
high level. Specifically, batteries Al and A2 of the present 
invention in the following Examples 1-1 and 1-2, as examples 
of the present invention, as well as a comparative battery XI 

15 as a comparative example, were constructed and evaluated. 
[0036] (EXAMPLE 1-1) 

[Preparation of Positive Active Material] 
Li 2 C0 3 (lithium salt), tricobalt tetraoxide (C03O4) and 
Zr0 2 (zirconium compound) were mixed in an Ishikawa automated 

20 mortar such that a molar ratio Li:Co:Zr was brought to 

1:0.995:0.005, heat treated in the air atmosphere at 850 X, for 
20 hours and then pulverized to obtain a lithium-containing 
transition metal complex oxide having a mean particle diameter 
of 14.0 vim. Its BET specific surface area was 0 . 38 m 2 /g. A TEM 

25 (transmission electron microscope) photograph of the obtained 

12 



active material is shown in Figure 1- Also, the metal elements 
(Co and Zr) contained in the two locations (Spot 1 and Spot 2) 
shown in the TEM photograph of Figure 1 were qualitatively 
evaluated by EDS (energy dispersive spectroscopy) . Their EDS 
5 spectra are shown in Figures 2 and 3. 

[ 0037 ] From Figures 1-3, a 1 - 2 ]om compound containing zirconium 
(Zr) has been found as adhering onto a surface of lithium cobalt 
oxide (LiCoC>2) as the positive active material. The compound 
containing zirconium (Zr) has been observed as existing in the 
10 form of particles adhered onto several surface portions of a 
LiCo0 2 particle. Because the positive active material has a 
particle diameter of 14.0 pm, at least 80 % of a surface of LiCo0 2 
turns out to be left uncovered. 

[0038] As apparent from Figures 2 and 3, little Co was detected 
15 in Spot 1, while no Zr was detected in Spot 2 . This demonstrates 
that Zr does not form a solid solution with LiCo0 2 but exists 
(adheres) independently in the form of zirconium compound 
particles . 

[0039] [Fabrication of Positive Electrode] 

20 The above-prepared positive active material, carbon as 

an electrical conductor and polyvinylidene fluoride as a binder 
at a ratio by weight of 90:5:5, were added to 
N-methyl-2-pyrrolidone as a dispersing medium. The mixture was 
kneaded to prepare a cathode mix slurry. The prepared slurry 

25 was coated on an aluminum foil as a current collector, dried 
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and then rolled by a pressure roll. Subsequent attachment of 
a current collecting tab completed fabrication of a positive 
electrode . 

[0040] [Fabrication of Negative Electrode] 
5 Synthetic graphite (graphite material) and a 

styrene-butadiene rubber as a binder were added to an aqueous 
solution of carboxymethylcellulose as a thickener so that the 
mixture contained the synthetic graphite, binder and thickener 
in the ratio by weight of 95:3:2. The mixture was then kneaded 

10 to prepare an anode mix slurry. The prepared slurry was coated 
onto a copper foil as a current collector, dried and rolled by 
a pressure roll . Subsequent attachment of a current collecting 
tab completed fabrication of a negative electrode. 
[0041] [Preparation of Electrolyte Solution] 

15 Ethylene carbonate (EC) and diethyl carbonate (DEC) were 

mixed at a 1:9 ratio by volume to provide a mixed solvent in 
which lithium hexaf luorophosphate (LiPF 6 ) was subsequently 
dissolved in the concentration of 1 mole/liter to prepare an 
electrolyte solution . 

20 [0042] [Construction of Battery] 

The above-obtained positive and negative electrodes were 
wound, while interposing a separator between them, to provide 
a wound assembly. In a glove box maintained under Ar atmosphere, 
the wound assembly and electrolyte solution were encapsulated 

25 in a casing of an aluminum laminate to construct a nonaqueous 
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electrolyte secondary battery Al of the present invention which 
measured 3 . 6 mm in thickness, 3 . 5 cm in width and 6.2 cm in length . 
When the battery Al of the present invention was charged at a 
voltage of 4.4 V, a ratio in charge capacity of the negative 
5 electrode to the positive electrode in their portions opposed 
to each other was brought to 1.15. 
[0043] (EXAMPLE 1-2) 

The procedure of Example 1-1 was followed, except that 
ethylene carbonate (EC) and diethyl carbonate (DEC) were mixed 
10 at a 3 : 7 ratio by volume, to construct a battery A2 of the present 
invention . 

[0044] (COMPARATIVE EXAMPLE 1-1) 

In Preparation of Positive Active Material, Li 2 C03 and 
C03O4 were mixed such that a molar ratio Li: Co was brought to 

15 1:1. Otherwise, the procedure of Example 1-1 was followed to 
construct a comparative battery XI. The obtained positive 
active material had a mean particle diameter of 11.0 ym and a 
BET specific surface area of 0.33 m 2 /g. 
[0045] [Evaluation of Cycle Characteristics] 

20 Each of the batteries Al and A2 of the present invention 

and the comparative battery XI was charged at a constant current 
of 650 mA to a voltage of 4 . 2 V or 4 . 4 V, further charged at 
the constant voltage to a current value of 32 mA, and then 
discharged at a constant current of 650 mA to a voltage of 2.75 

25 V to measure a discharge capacity (mAh) . This unit cycle was 
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repeated to conduct a charge-discharge cycle test. For each 
battery, a capacity retention after 300 cycles is shown in Table 
1. Capacity retention was calculated from discharge capacity 
after cycles/lst-cycle discharge capacity x 100 (%) . The 
5 battery obtained in Comparative Example 1-1, when charged at 
a voltage of 4.4V, showed marked deterioration in capacity with 
the increasing number of cycles and accordingly its cycle test 
was discontinued after 100 cycles. The comparative battery X2 
exhibited a capacity retention of 28.5 % on the 100th cycle. 
10 [0046] [TABLE 1] 





Zr Content of 
Positive 
Act i ve 
Material 
(mole %) 


EC Content of 
Electrolyte 
Solvent 
(VOL. %) 


Capacity Retention 00 
after 300 Cycles 


End-of-Charge 
Vo I tage 
4.2V 


End-of-Charge 
Vo I tage 
4.4V 


Battery A1 
of Present 
Invent ion 


0.5 


10 


91.8 


91.0 


Battery A2 
of Present 
I nvent i on 


0.5 


30 


93.4 


49.9 


Comparat i ve 
Battery X1 


0 


30 


89.3 





[0047] As can be seen from Table 1, the batteries Al and A2 
of the present invention and the comparative battery XI all 
exhibited high capacity retention values of at least 89.3% after 
15 300 cycles, when charged and discharged with an end-of-charge 
voltage of 4.2 V. With the end-of-charge voltage of 4.4V, the 
batteries Al and A2 of the present invention are capable of 300 



charge-discharge cycles, while the comparative battery XI is 
incapable of 300 charge-discharge cycles. This proves that the 
improved charge-discharge cycle characteristics are obtained 
for the batteries in accordance with the present invention. 
5 [0048] The batteries Al and A2 of the present invention use, 
as the positive active material, lithium cobalt oxide in the 
form of particles having a surface onto which a zirconium compound 
adheres and at least 80 % of which is left uncovered for contact 
with an electrolyte solution. This configuration is believed 

10 to have restrained an oxidation reaction of the electrolyte 
solution on the surface of the active material and prevented 
marked deterioration of cycle characteristics even when those 
batteries were charged and recharged with the end-of-charge 
voltage of 4.4 V. 

15 [0049] In particular, a high capacity retention of 91.0 % was 
obtained after 300 cycles for the battery A2 of the present 
invention using an electrolyte solution having an EC content 
by volume of 10 %. 
[0050] (EXPERIMENT 2) 

20 In Experiment 2, a mixture containing a lithium compound, 

tricobalt tetraoxide (Co 3 0 4 ) and a zirconium compound was fired 
to obtain a product for use as a positive active material . Using 
this positive active material, batteries were charged and 
discharged with an end-of-charge voltage of 4.4 V, while an 

25 ethylene carbonate (EC) content of an electrolyte solvent was 
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varied between them, to study resulting cycle characteristics 
and investigate the dependence of cycle characteristics of the 
battery of the present battery upon the ethylene carbonate 
content of an electrolyte solvent. Also, a zirconium content 
5 of the positive active material was varied to study resulting 
cycle characteristics and investigate the dependence of cycle 
characteristics of the battery of the present invention upon 
the zirconium content of the positive active material. In 
specific, batteries Bl - B4 of the present invention in the 

10 following Examples 2-1 - 2-4 as examples of the present invention, 
as well as comparative batteries Yl and Y2 as comparative examples , 
were constructed and evaluated. 
[0051] (EXAMPLE 2-1) 

In Preparation of Electrolyte Solution, ethylene 

15 carbonate (EC) and diethyl carbonate (DEC) were mixed at a 1 : 9 
ratio by volume. The procedure of Example 1-1 was followed to 
construct a nonaqueous electrolyte secondary battery Bl, which 
was then evaluated for charge-discharge cycle characteristics. 
This battery is identical in construction to the battery Al of 

20 the present invention. 
[0052] (EXAMPLE 2-2) 

In Preparation of Electrolyte Solution, ethylene 
carbonate (EC) and diethyl carbonate (DEC) were mixed at a 2 : 8 
ratio by volume. Otherwise, the procedure of Example 1-1 was 

25 followed to construct anonaqueous electrolyte secondary battery 



B2 which was then evaluated for charge-discharge cycle 

characteristics . 

[0053] (EXAMPLE 2-3) 

In Preparation of Electrolyte Solution, ethylene 
5 carbonate (EC) and diethyl carbonate (DEC) were mixed at a 3:7 

ratio by volume. Otherwise, the procedure of Example 1-1 was 

followed to construct a battery B3 of the present invention. 

This battery is identical in construction to the battery A2 of 

the present invention. 
10 [0054] (EXAMPLE 2-4) 

In Preparation of Positive Active Material, Li 2 C0 3 , Co 3 0 4 

and Zr0 2 were mixed such that a molar ratio Li:Co:Zr was brought 

to 1:0.99:0.01. Otherwise, the procedure of Example 1-1 was 

followed to construct a battery B4 of the present invention. 
15 The obtained positive active material had a mean particle 

diameter of 13.8 yim and a BET specific surface area of 0.43 m 2 /g. 

[0055] (COMPARATIVE EXAMPLE 2-1) 

In Preparation of Electrolyte Solution, ethylene 

carbonate (EC) and diethyl carbonate (DEC) were mixed at a 3 : 7 
20 ratio by volume. The procedure of Comparative Example 1-1 was 

followed to construct a comparative battery Yl . This battery 

is identical in construction to the comparative battery XI. 

[0056] (COMPARATIVE EXAMPLE 2-2) 

In Preparation of Electrolyte Solution, ethylene 
25 carbonate (EC) and diethyl carbonate (DEC) were mixed at a 1 : 9 



ratio by volume. Otherwise, the procedure of Comparative 
Example 1-1 was followed to construct a comparative battery Y2 . 
[0057] [Evaluation of Cycle Characteristics] 

As similar to Example 1, each of the batteries Bl - B4 
of the present invention and the comparative batteries Yl and 
Y2 was subjected to a charge-discharge cycle test with an 
end-of-charge voltage of 4 . 4 V. Capacity retention values after 
100, 300 and 500 cycles are shown in Table 2. Charge-discharge 
cycle characteristics for each battery are shown in Figure 4. 
The batteries obtained in Comparative Examples 2-1 and 2-2 showed 
marked deterioration in capacity with the increasing number of 
cycles and accordingly their cycle tests were discontinued after 
100 cycles . For the batteries obtained in Examples 2-3 and 2-4, 
the cycle test was discontinued after 300 cycles. 
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[0058] [TABLE 2] 





Zr 
Content 

fmolp °/0 

\IIHJ 1 /oy 


EC Content of 
Electrolyte 
So I vent 
(VOL. X) 


Capacity Retention (°/o) 


after 
100 

Cyc I es 


after 

300 
Cyc I es 


after 

500 
Cyc I es 


Battery 
Bl CAD of 

Present 
1 nvent i on 


0.5 


10 


G/l CO/ 


qi no/ 


Q7 QO/ 
O 1 . 370 


Battery B2 
of Present 
1 nvent i on 


0.5 


20 


93. 2X 


87. 8X 


77. 2X 


Battery 
B3(A2) of 

Present 
1 nvent i on 


o r 




92. 4X 


49. 9X 


- 


Battery B4 
of Present 
1 nvent i on 


1.0 


30 


92. OX 


24. 7X 




Comparat i ve 
Battery 
Y1 (XI) 


0 


30 


28. 5X 






Comparative 
Battery Y2 


0 


10 


7.8X 







[0059] As can be seen from Table 2 and Figure A, with the 
end-of-charge voltage of 4.4 V, the batteries Bl - B4 of the 
5 present invention are capable of at least 300 charge-discharge 
cycles, while the comparative batteries Yl and Y2 are capable 
of only 100 charge-discharge cycles. This demonstrates that 
the batteries Bl - B4 of the present invention exhibit improved 
charge-discharge cycle characteristics over the comparative 
10 batteries Yl and Y2 . 

[0060] It has been also found that the batteries Bl and B2 of 
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the present invention, incorporating an electrolyte solvent 
containing 10 - 20 % by volume of ethylene carbonate (EC) , are 
capable of 500 charge-discharge cycles and exhibit particularly 
improved charge-discharge cycle characteristics. Further, a 
particular high capacity retention value of 87.9 % was obtained 
after 500 cycles for the battery Bl incorporating an electrolyte 
solvent containing 10 % by volume of EC. 

[0061] It has been also found from comparison between the 
batteries B3 and B4 of the present invention that the battery 
B3 of the present invention, which incorporates the positive 
active material having a zirconium (Zr) content of less than 
1 mole % with regard to the total mole of Zr and Co, exhibits 
improved cycle characteristics compared to the battery B4 of 
the present invention. 
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